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SYSTEM AND METHOD FOR
IMPLEMENTATION OF DYNAMIC
ENCODING RATES FOR MOBILE DEVICES

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1n a continuation-in-part of U.S. patent

application Ser. No. 13/183,652, filed on Jul. 15, 2011 now
U.S. Pat. No. 9,042,444, which claims the benefit of U.S.

Provisional Patent Application No. 61/364,598, filed Jul. 15,
2010, all of which are hereby incorporated by reference.

FIELD

The present disclosure relates generally to the transmis-
sion of audio and video data streams over a wireless net-
work. More particularly, the present disclosure relates to
improving the continuity of the data stream with respect to
wireless transmission anomalies.

BACKGROUND

In the area of video and audio data transmission there are
many solutions to handle the loss of information through the
delivery process. Typical poor delivery 1ssues are solved
today using either retransmission of data, or re-synchroni-
zation of the video and audio streams. Also used are bull-
ering methods at the receiver that allow for small delays to
access the data to allow for some data loss and slow delivery
issues. It 1s also conceived that by splitting the video
transmission into multiple paths that 1t 1s much less likely
that a transmission failure occurs simultaneously on all
paths. Therefore 11 each path contains enough data to build
a video transmission there will generally always be data to
display video information. When all paths are tully working
then video information increases 1n quality. These traditional
methods continue to be used today when transferring data
over networks of all kinds.

In a closely related area, the recording and transmission of
live video from a mobile device requires the solution of two
different problems: a fixed hardware encoding rate, and a
recording delay resulting from limited device resources.

For example 1t should be understood that the hardware
based H.264 encoder used in an 1Phone™ has a fixed
encoding rate. And therefore once the encoding session 1s
started, the application cannot change the session parameters
(encoding rate, frame rate, etc.) until the session 1s stopped
and restarted. Yet if conventional wireless mobile technolo-
gies are used for audio or video transmissions, variations 1n
bandwidth (both bit rate and latency) must be accommo-
dated to avoid frames being dropped by the recerver result-
ing in scrambled output (lost video signal/black screen).

SUMMARY

It 1s therefore desirable to overcome at least one disad-
vantage ol conventional systems and methods for transmis-
sion of data signals over a wireless network.

In one aspect there 1s provided a system for transmission
of data signals over a wireless network having: an encoding
module for encoding video data into a plurality of buflers for
transmission; and a feedback module for processing feed-
back from one or more sources, wherein the encoding
module dynamically alters the amount of data that 1s
encoded 1nto the one or more video buflers based at least 1n
part on the feedback received.
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In another aspect there 1s provided a method for trans-
mission ol data signals over a wireless network including;:
encoding video data into a plurality of buflers; transmitting
some of the data; processing feedback from one or mores
sources, wherein the feedback relates to delivery param-
cters; and dynamically altering the amount of data passed
into the bufllers based at least 1n part on the data received.

In another aspect, there 1s provided a method of trans-
mission ol data signals from a mobile device to a network
comprising: encoding video data at a first encoding rate into
a plurality of video frames using a first encoding module;
encoding video data at a second encoding rate into a
plurality of video frames using a second encoding module;
detecting a change in the availability of wireless bandwidth
in the network; and switching a selector to retrieve frames
from either the first encoding module or the second encoding
module for transmission 1n dependence upon the available
wireless bandwidth.

In an embodiment, the method further comprises: succes-
sively increasing or decreasing, in response to a change 1n
the available wireless bandwidth of the network, the encod-
ing rate of whichever one of the first encoding module and
the second encoding module 1s currently not selected; and
switching the selector to retrieve frames from the either the

first encoding module or the second encoding module for
transmission in dependence upon the available wireless
bandwidth of the network.

In another embodiment, successively increasing or
decreasing the encoding rate comprises applying successive
stair-step increases or decreases in the encoding rate until
failure 1s seen or no longer observed in a channel feedback
from the network.

In yet another embodiment, the method further comprises:
upon switching the selector to retrieve frames from either
the first encoding module or the second encoding module for
transmission 1n, dependence upon the available wireless
bandwidth, shutting down the other of the first encoding
module or the second encoding module to prepare for the
next encoding rate change request.

In another aspect, there 1s provided a system for trans-
mission ol data signals from a mobile device to a network
comprising: a {irst encoding module for encoding video data
at a first encoding rate into a plurality of video frames; a
second encoding module for encoding video data at a second
encoding rate mnto a plurality of video frames; means for
detecting a change in the availability of wireless bandwidth
in the network; and means for switching a selector to retrieve
frames from either the first encoding module or the second
encoding module for transmission in dependence upon the
available wireless bandwidth.

Other aspects and features of the embodiments herein will
become apparent to those ordinarily skilled i the art upon
review ol the following description of specific embodiments
in conjunction with the accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments will now be described, by way of example
only, with reference to the attached Figures, wherein:

FIG. 1 1s a block diagram of an exemplary system for
distributing video signals;

FIG. 2 1s a block diagram of another exemplary system:;

FIG. 3 1s a block diagram of yet another exemplary
system and feedback that can occur within the system;

FIGS. 4A and 4B are flow charts showing a method of

video source scaling;
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FIG. 5 1s a flow chart showing another method of video
source scaling;

FIG. 6 1s a block diagram of an exemplary vanable rate
encoder 1n accordance with an embodiment;

FIG. 7 1s a block diagram of a more detailed view of a
variable rate encoder showing the encoding chain 1n accor-
dance with an embodiment;

FIG. 8 1s a block diagram of another detailed view of
another variable rate encoder showing dual encoding chains
in accordance with an embodiment;

FIG. 9 1s a schematic diagram of a transition sample
which 1s the first frame that appears in the encoded stream
that 1s encoded 1n both dual encoder chains; and

FIG. 10 1s a schematic diagram illustrating when an error
occurs 1n a video stream due to lost or corrupted data, and
a string of frames may be aflected until the next full frame
arrives.

DETAILED DESCRIPTION

Generally, this disclosure relates to a method and system
for maintaining an 1mproved level of continuity of a data
stream when wireless transmission anomalies cause lost,
corrupt or delayed data streams, and improving, the record-
ing and transmission of live video from a wireless mobile
device. The solutions described reduce the lost, corrupt or
delayed data streams which may result 1n audio and video
images that are jumping, broken, corrupt and perhaps even
unwatchable.

It 1s concerved that there are still additional methods
required to improve video quality and ensure a continuous
stream of audio and video data. The problem with video data
transmissions 1s further exacerbated when {transierring
broadcast quality video and ultra-high defimition video data.
In many instances continuity between audio and video
frames can be important for the success of data being
transierred. In a wireless environment there are additional
demands and challenges that require further methods for
making video transmission viable.

This disclosure relates in particular to the problem of
transmitting audio and video data from a mobile device. This
problem differs from previous work in this area, which has
been focused on transmitting video data to mobile viewers.
Different solutions are required for transmitting audio and
video from a wireless mobile device for at least two reasons.
One, transmitting video to mobile viewers 1s expected to be
lossy, with frames dropping out on a regular basis. Many
consumer solutions rely on a single radio connection to the
Internet. Two, bandwidth 1s asymmetrical, with the band-
width down (to the mobile device) typically being many
times the available bandwidth back up from the device. For
example, representative numbers 1n some cases would be
approximately 2 Mbps down, 300 Kbps up. This transmis-
sion of data from wireless mobile devices includes the
transmission of large volumes of data that may be time
critical, for example, data transmissions of either normal

definition video (720 by 576), high defimition video (1920 by
1080), or ultra high definition video (7680 by 4320). The
transmission may also include unique environments like
real-time news reporting, mobile news, reality television
shows, sporting event coverage and a range of similar
situations where the information gathered i1s dynamic and
mobile. In these situations a wireless link to a wireless
inirastructure may be used by many industries. Such wire-
less networks 1include general packet radio service (GPRS),
enhanced data for global evolution (EDGE), universal
mobile telecommunication system (UMTS), wideband code
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division multiple access (W-CDMA) and many other 3G or
4G networks. Other wireless networks include Wiki, 1.e.
802.11 technology (with all of 1ts various standards), or a
newer class of wireless technologies called worldwide
interoperability for microwave access (W1-MAX) and long-
term evolution (LTE) that offer even greater throughputs and
are mtended to aid 1n delivering data such as television on
demand and video conferencing on demand.

In this disclosure, the term video bufler 1s intended to
refer to audio and video encoded data from a source being
live, for example a video camera, a high-definition mobile
device such as a mobile phone with digital camera capa-
bilities, tablet computers etc., or from a stored source like a
disk or other storage media. Packaged information builers
for transmission over a wireless network will be referred to
as V-Packets. Also 1n this disclosure the term mobile trans-
mitter will refer to any sort of wireless mobile device being
used to transmit information buflers to a destination.

As described above, the present system and method
addresses some of the limitations of transmitting from a
wireless device 1n prior designs, particularly when the
encoding rate from the wireless device’s hardware encoder
1s fixed. A fixed encoding rate gives few options when
transmitting a video stream. One could attempt to charac-
terize the available channel(s) bandwidth and, based on that
information, choose a high encoding bit rate (best case) and
live with any frame loss that results when the available
network, bandwidth fluctuates. Fach time a {frame 1s lost, the
recorded stream 1s corrupted, either with decoding error
artifacts or with a completely black screen. The result 15 a
generally good picture dependent on the network bandwidth,
but with many errors 1f there are fluctuations. Alternatively,
one could attempt to characterize the available channel(s)
bandwidth and, based on that information, select an encod-
ing rate that 1s low enough to minimize lost frames. But
while less susceptible to breakup and artifacts, the resulting
image quality at the receiver will be poorer with less detail.

With the present solution, a dynamically variable encod-
ing rate (e.g. as implemented with the present stair step
technique) provides the best quality picture possible for
transmission of streaming video and audio from a mobile
device to connected networks. More generally, since an
encoder 1 the mobile device can react to changes 1n
available network bandwidth, the present system and
method dynamically changes session parameters up or down
(for example of the transmission bit rate) 1n order to take full
advantage of the available bandwidth, even when the mobile
device has a fixed hardware encoder. If lost frames do occur,
a buller management and transport controller 1s able to
recover belore the output stream 1s aflected.

The present system and method will now be described 1n
more detail with reference to the drawings.

FIG. 1 illustrates a block diagram of an exemplary system
10 with multiple information buflers 12, 14 using multiple
wireless networks 16, 18 to transmit information. In situa-
tions and environments where information 1s preferably
dynamically delivered from mobile locations or devices, a
mobile sourced video solution 1s required. This information
or mobile sourced video may have originated from cameras
or some other advanced capture method or the information
may have been pre-captured and saved to a storage media to
be transierred at a later time. After preparing the video data
into buflers 12, 14, a steady and continuous flow of buflers
may be sent from a mobile transmitter to a receiver via
various techniques. The system 10 provides the ability to
modily the video quality at the source by adjusting the
amount of video information encoded into the bufters 12, 14
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at the transmitter as described herein. Video quality can be
dynamically adjusted (improved or degraded) in response to
teedback from the network both locally and remotely, such
as, for example, local queues at the transmaitter or the remote
recelver.

In the system 10 of FIG. 1, the video source data 1s
prepared for transmission and moved into the video bullers
12, 14 by the Video Source and Encoding module 20, which
may contain a storage component used to store data or video
information. Many video buflers could be used and the data
may be divided between the various bufllers. Captured
information can include, for example, normal, high or
extremely high definition audio and video content. Prepa-
ration may include advanced compression (for example
moving picture expert group (MPEG) compression), pack-
ctization and other processes designed to improve transmis-
s1on. In some embodiments, video data from a single source,
either live or stored, can be divided into multiple video
streams using a techmque like Multiple Descriptive Coding
(MDC). Other techniques can also be used to break the video
data stream into diflerent packets for delivery over various
links. The division of the data i1s intended to allow {for
wireless delivery of data in multiple video buffers 12, 14
over one or more wireless network links, (Radio Fre-
quency-1 (RF-1) 22, RF-2 24 and RF-10 26) over one or
more wireless networks 16, 18 to an Information Frame
Re-assembly component 28, via a wireless transport con-
troller 30. Each of the processes shown can be executed
within one or more computer systems and the division of
labor between computer systems may be based on process-
ing unit utilization and network capacity restrictions.
Depending, on conditions and processing unit availability, a
complex video splitting method like MDC can be used or a
simple packetization and splitting method could be substi-
tuted 1n 1ts place. Withun this encoding stage, the number of
frames-per-second (FPS) 1s determined and the output
enables dynamic adjustment of the quantity of information
that 1s placed into the video buflers 12, 14 and subsequently
transmitted to the Information Frame Re-assembly compo-
nent 28.

The linkage 32 between the Video Source and Encoding
module 20 and the Video Bullers 12, 14 could be external,
for example, over FireWire, a Universal Senal Bus (USB)
link, Serial connection, Bluetooth, WiF1 wireless link or
some other high speed link. Alternatively, 1n a fully inte-
grated system the Video Source and Encoding module 20
could be together with the Video Buflers 12 and 14 in the
same physical housing.

The system 10 includes a Bufler Management and Trans-
port controller 34 which acts as an interface to a plurality of

Radio Frequency (RF) modules 22, 24 and 26. In FI1G. 1 only
three RF modules are illustrated as RF-1 22, RF-2 24 and
RF-10 26, however any number of modules may be included
depending on the system. The Bufler Management and

Transport Controller 34 accesses and reads portions of data
in the Video Bullers 12 and 14. The portions of data labeled

as V-Packet 1-1 36 to V-Packet 2-4 38 are created based on
various factors including, but not limited to, the packet size
restrictions of the wireless networks 16 and 18, other packet
transmission results, configuration parameters and other
such guldance within the overall system architecture.

The Bufler Management and Transport Controller 34
receives messages from RF modules 22, 24 and 26. The RF
modules 22, 24 and 26 can return messages from an Infor-
mation Frame Re-assembly module 28, via the Wireless
Transport Controller 30 and from interactions with one or
more Wireless Networks 16, 18 through base stations 40 that
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are within a coverage region. These messages represent
feedback on coverage, congestion, transmission failures
with each base station 40 during the process of trying, to
exchange messages. In turn this information guides the
Bufler Management and Transport Controller 34 to decide
what quality of video information to packetize, how much,
information to send and through which RF modules 22, 24
and 26, and through which linkage 48.

Once information 1s received by the Information Frame
Re-assembly module 28, the information 1s collected 1nto a
video bufler for output 42. This buil

er could be within the
same computer system as the Information Frame Re-assem-

bly module 28 or it could be housed in a separate system
through a well-known link, like USB, FireWire or some high

speed transier connection. Linkage 44 between the Wireless
Transport Controller 30 and the Information Frame Re-
assembly 28 could be over, for example, a high-speed
computer bus (multiple CPUs in the same physical housing),
or over gigabit Ethernet (TCP/IP) or some other well known
coupling method. The wireless transport control has a fur-
ther link 50, where it 1s linked to wireless networks within
the coverage range. A further linkage 1s created between the
Bufler Management and Transport Controller and the video
buflers 46.

FIG. 2 1llustrates a block diagram of another exemplary
system 100 with multiple Video Buflers 112, 114 using
multiple wireless networks 116, 118 to transmit, via a link
150, the video information to a distribution point 168 where
it can be split for distribution. In this embodiment a Wireless
Transport Controller 130 1s coupled with a Connection
Validation, Video Splitting and Distribution Module 160
(referred to as a Distribution module 160), via a link 164.
The Distribution module 160 acts as a central hub for
dealing with the distribution of Video Buflers 112, 114 to a
large number of possible Information Frame Re-Assembly
components 128a, 128b. This distribution point 168 1is
coupled to a wide area network like the Internet 164 via any
well known high-speed link 162 for example, T1 lines
running megabit or gigabit speeds. The distribution point
may be directed coupled to at least on Information Frame
Re-assembly module through a link 166.

The Information Frame Re-assembly components 1284,
1285 could include cable stations, news outlets, Internet
content centers, streaming Internet distributors and a wide
range of existing and future distribution options. The Infor-
mation Frame Re-assembly component 1s also connected to
a video buller 142 which 1s adapted to output or display the
video or other data. In FIG. 2, various elements of the system
are consistent to FIG. 1, but the Wireless Transport Con-
troller 130 1s centralized in a way that allows receirved
V-Packets 1-1 to 2-4 136, 138 to be split, distributed and
seen by a wider audience over a wide area connection
network like the Internet 164. Distribution over the Internet
164 allows for quick worldwide distribution of real-time
data from mobile camera collecting news and real-time
events throughout the world. Another advantage of this
embodiment 168 1s that connections can be authorized, paid
for and validated at any time. This system may allow new
distributions to be more easily added to existing content with
less negative impact on the overall system. Connections
between the Information Frame Re-assembly components
128a, 1286 would take place using common TCP/IP based
protocols 166, such as real-time streaming protocol (RTSP)
and real-time messaging protocol (RTMP), which are easily
able to distribute audio and video content. Such distributions
are well known 1n the industry and have far fewer problems
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than ensuring the reliability of the data reception over the
Wireless Networks 116, 118 that were used to collect the
data 1n the first place.

The centralized Information Frame Re-assembly compo-
nent allows for remote management and control of the
mobile unit. In addition to status information, the central
control pushes configuration 1nstructions to the mobile unat,
directing operation, which mput/output to use, general qual-
ity settings, etc. The central control 1s capable of remotely
configuring both the directly connected for example the
mobile transmitter or Bufler Management and Transport
Controller 134, to the server and those that route through the
central systems, for example Information Frame Re-assem-
bly module 128a, 128b.

As m FIG. 1, a Video Source and Encoding module 120
contains data that 1s distributed to the video buflers 112, 114
through a link 132. The Bufler Management and Transport
Controller 134 recerves the buflers through a link 146 and
distributes the data to a plurality of RF modules 122, 124 and
126. The RF modules 122, 124 and 126 transmit the data to
a base station 140 on range of a wireless network 116.

FIG. 3 1illustrates a block diagram of yet another system
200 and the feedback that occurs within the system 200. The
system has a video source encoding module 220 which
relays video or other data via a link 232 to video butlers 212,
214. The system 200 further includes a Builer Management
and Transport Controller 234, which access the video bullers
212 and 214 trough a link 246, attempts to deliver V-Packets
1-1 to 2-4 236, 238 to an Information Frame Re-assembly
module 228. Various fallures and 1ssues may take place
along the delivery path. In an exemplary system that uses
Wireless Networks 216, 218 as part of the delivery path
these failures may increase 1n frequency and seriousness as
compared to a wired connection. In one case, the first set of
tailures may occur as all attached RF modules 222, 224, 226
attempt to wirelessly transmit the V-Packets 236, 238 to a
specific base station 240. Base stations 240 experience
frequency congestion issues, as the RF module 222, 224,
226 moves, the coverage indications and receive signal
strength indicator (RSSI) can show degradation in link
quality and its ability to receive the information. Errors due
to spontaneous congestion may occur when an increase of
wireless mobile devices wish to transmit at the same time.
All of these failures, indicators and congestion 1ssues result
in the RF modules, 1.e. RF-1 222, RF-2 224 and RF-10 226
sending signals 270 back to the Bufler Management and
Transport Controller 234.

For V-Packets 236, 238 that make 1t across to the base
station 240 there 1s still the transmission of information
across the Wireless Network 216, 218. Within the Wireless.
Network 216, 218 an additional set of failures can occur.
These failures can result from congestion 1ssues within the
Wireless Network 216, 218, lost packets, damaged packets
that can not be understood and a range of other internal
1ssues. As the Information Frame Re-assembly module 228
receives V-Packets 236, 238 1t can infer which V-Packets
236, 238 did not make 1t across the Wireless Network 216,
218. The Bufller Management and Transport Controller 234
can also write a time stamp 1nto each V-Packet 236, 238 just
betfore 1t performs the transmission to the base station 240.
This time stamp can then be used by the Information Frame
Re-assembly module 228 to determine how long each
V-Packet 236, 238 took to make 1t across the various hops
to reach the base station. This one-way transmit time can
then be used to determine 1f the Wireless Network 216, 218:;
the base station 240 or the link to the Wireless Network 2350
1s bottlenecked and may cause unusual delays 1n reception of
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the V-Packets 236, 238. This information and statistics
regarding the transmission 1s collected by the Information
Frame Re-assembly module 228 and transmitted back as a
status message 272 to the Buller Management and Transport
Controller 234. Further status messages may be relayed
similarly from the RF modules.

With all this status information 270, 272 returning to the
Bufler Management and Transport Controller 234. The
Bufler Management and Transport Controller 234 has the
ability to make decisions intended to improve the overall

continuity of V-Packet 236, 238 information flow over each
attached RF Module 222, 224, 226. Since there can be any

number of RF modules 222, 224, 226, this decision making
ability can relate to specific feedback paths. For example
throughput calculations for V-Packets 238, which could be
sent through RF-10 226 into Wireless Network 2 218 and
over link 250, could be taking 3 of the time for V-Packets
236 shipped over Wireless Network 1 (216). This informa-
tion 1s taken into account when the Bufler Management and
Transport Controller 234 merges all feedback information
into a common feedback 274 to the Video Source and
Encoding Module 220. The Video Source and Encoding
Module 220 could be told to limit the amount of video butler
data 212, 214 it generates and stores into the bufler area.
Image quality 1s reduced or degraded or 1t can be increased
and improved 1 various different ways. Some of these ways
include scaling down the 1image, which results in a gener-
alized loss of quality over the entire frame. Alternatively the
amount of video bufler 212, 214 can be reduced by decreas-
ing the encoding bit rate, which tends to aflect areas of
higher movement or the frame rate can be decreased or
increased. By adjusting the encoding and frame rates the
number and quality of video 1mages encoded changes, thus
allecting the information encoded into the video bufler. A
significant decrease in the encoding rate will eventually
create a visibly degraded image at the receiving end.

The Bufler Management and Transport Controller, as
shown 1n FIGS. 1,2 and 3, uses several factors to determine
if the capacity of a particular RF channel has changed (either
increased or decreased) including, but not limited to, net-
work latency; connection RSSI; packet delivery failure;
delivered bit rate compared, to sent bit rate; and pending
data (backlog).

In regard to network latency, the current network latency
1s measured by synchronizing the clocks between the client
and the server and continuously measuring the delay intro-
duced by the network in delivering all packets. Once the
latency 1s known, the Bufler Management and Transport
Controller uses the information to determine whether an RF
Connection 1s behaving well, compared to another connec-
tion or compared to the connection 1tself. For example, 11 the
connection was compared with itself, the current network
latency may be compared to the latency in the past X
seconds, where X 1s a predetermined number used for the
comparison. A poorly performing connection may have a
highly variable latency that increases as the traflic rate
increases, or may have a latency that 1s stmply too large for
the channel to be useful, for example an approximately 2
second delay 1n short latency mode with a 1.5 glass-to-glass
latency. For instance, each active audio/video stream has an
associated end-to-end (or glass-to-glass) latency—the con-
figured time delay between when the image was captured by
the camera and when 1t 1s actually delivered to the video
bufler for output. If the network delay of a particular RF
interface increases significantly such that the glass to glass
latency 1s threatened, that RF interface 1s either deprecated
or shut down entirely to prevent the stream from being




US 9,585,062 B2

9

corrupted. This 1s particularly an 1ssue for transmissions
using an extremely short glass-to-glass latency, for example,
less than approximately 2 seconds. Also, during transmis-
sion, 1f the network latency increases beyond a configured
tolerance, 1t 1s also possible that the RF interface 1s sending
more data than the network 1s capable of delivering or data
1s backing up 1inside the RF interface/network. In this
circumstance the Bufler Management and Transport con-
troller may decrease the amount of data the RF interface/
network 1s allowed to transmit. When the latency returns to
normal, the Transport control may allow the RF interface to
carry more data The Bufler Management and Transport
controller also uses the measured network delay to anticipate
lost packets and retransmit them before the output video
builer misses them. If a packet hasn’t been delivered and the
time passed 1s longer than the network latency at the time
that the RF interface sent it, the packet 1s considered lost.
Also, 1t the packet 1s reported lost and the scheduled play
time for the packet 1s close to the network delay of the fastest
RF interface, in other words, the RF interface with the
lowest network delay, the packet 1s assumed lost and resent.

Connection RSSI may aid i determining whether a
specific channel 1s actually available.

Packet delivery failure is the rate at which packets are lost
when sent via a particular RF interface. The status packets
sent back to the Buller Management and Transport Control-
ler include statistics regarding the number of packets lost 1n
a particular mterval. The status packets also identily par-
ticular packets not received. These packets are resent 1n a
timely manner to prevent the received stream from failing/
breaking up due to missing information (a dropped frame),
An increasing packet delivery failure rate 1s an indicator of
an unstable/unreliable RF interface and the associated bit
rate must be decreased.

Regarding delivered bit rate compared to sent bit rate, the
amount of data sent from the transmitter 1s compared to the
reported volume of data received by the server. The goal
ratio for any given period should be close to one which
would 1ndicate the server received all of the data sent by the
transmitter. In typical operation, a ratio of 90% 1s enough for
a healthy connection. If the ratio 1s too low, then the network
connected to that particular RF interface 1s not reliably
transmitting data as fast as the RF interface 1s sending it.
When this circumstance occurs, the RF interface may
decrease 1ts transmission rate and allow the network to catch
up. Synchronized clocks may be used for this comparison as
the transmitter and receiver are intending to compare
equivalent windows 1n time.

In an alternative embodiment, a mechanism may instruct
the network to allocate more bandwidth to the mobile device
transmitting data. For example, in a network having a
Quality of Service agreement, an indicator or trigger may be
included that would indicate the desire to provide greater
bandwidth for the ongoing transmission. This added mecha-
nism may require further modification on the typical Quality
ol Service agreements currently in place.

Pending data (backlog) 1s the queue of packets awaiting,
transmission over any of the available RF interfaces. The
Transmitter control knows the current transmission rate of
all connected/operating RF interfaces. The volume of data to
be sent which would include continuous data generated by
the source plus any packets that were detected/reported as
lost. The presence of backlog does not necessarily require an
immediate adjustment to the encoding bit, rate by the Video
Source and Encoding Module 220. For longer glass-to-glass
latencies, the Information Frame. Re-assembly Module 228
will have more audio/video data buflered, which gives the
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RF interfaces more time to attempt to clear the backlog
without a reduction 1n encoding bit rate.

The audio encoding bit rate 1s much smaller relative to the
flow of video information and 1s unlikely to have an impact
on the system’s ability to transmit a data stream. There may
be little benefit 1n attempting to limit the audio signal
bandwidth in order to preserve signal integrity.

Many other factors could affect how the Bufler Manage-
ment and Transport controller 234 sends status signals 274
onto the Video Source and Encoding module 220. The
examples provided above are not meant to be exhaustive but
representative of possible signals and failures to create
teedback 1n the system. The Bufler Management and Trans-
port controller may further include a storage component
where information and other factors relating to the trans-
mission are stored for later analysis.

FIGS. 4A and 4B provide a flow chart of a method of
video source scaling 300 within the Video Source and
Encoding module. This flow chart represents, a small part of
the overall functionality of the Video Source and Encoding,
module. Video imput 1s received from a source 302. As
described above, the video input can be from a range of
different sources and can be broadcast quality video, high-
definition, ultra-high definition or some further large sized,
video data. At the start of the process the video bufler
encoding component 304 takes charge of the data and
determines if there 1s any video buller size adjustment 1n
cllect 306. Dynamic video size adjustment 1s an exemplary
method for increasing or decreasing the amount of data that
must be transmitted wirelessly. If video bufler size adjust-
ment 1s not 1n effect then regular encoding of the video data
takes place 308 into video packets based on the normal and
configured methods. As mentioned these methods include,
for example, compression, for example, MPEG or other
methods, encryption 1f required and packet splitting to move
data through multiple video buflers for different Wireless
Networks.

If video bufler size adjustment 1s 1n effect then a further
check 1s, performed to see if video bufler size should be
decreased 310. A video bufler size decrease 1s not in eflect
then the video butler encoding can be increased based on the
bufler size adjustment flag. The amount of adjustment 1s
based on the improvements in the parameters being moni-
tored. These parameters can include RSSI, base station
saturation values, transmit failures, congestion values
through the network, received latency by the remote recerver
and many other similar parameters. When these values are
analyzed against their previous values all improvements are
compared and a determination 1s made using high and low
water predetermined values. As values increase above
thresholds then the amount of data can be increased. The
method for increase 312 may follow the configured method
used for decreasing the video bufler output. Methods to
increase video image data quantity can include methods like:
scaling up the i1mage, which results mm a generalized
improvement of quality over the entire frame, by 1ncreasing
the encoding bit rate, which tends to improve areas of higher
movement, or the frame rate, can be increased.

If a video bufler size decrease 1s m eflect 310 then the
amount of data saved into video builers 1s decreased 314.
This decrease follows the configured method that 1s being
used within the system. As discussed above, the method for
decreasing can follow the configured method used for
increasing the video bufler output. Methods to decrease
video 1mage data quantity can include methods such as
scaling down the image, which results 1n a generalized
decrease of quality over the entire frame, by decreasing the
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encoding bit rate, which tends to negatively aflect areas of
higher movement, or the frame rate can be decreased which
can lead to jumpiness.

Once the amount of encoded data 1s determined to be
unadjusted 308, increased 312 or decreased 314, the data 1s
then placed into multiple video builers 316. Once the bullers
are written the system for transmitting returns to wait for
additional video data from the mput source 318.

To assist 1n the determination of when to adjust video
bufler output the Video Source and Encoding Controller
receives a signal (A) 320 from the Bufler Management and
Transport module. The received signal indicates a video
bufler size change 1s required 322. A check 1s made to
determine 11 the size should be decreased 324. If the size 1s
to be decreased a flag, or other indicator 1s set to indicate that
the video bufler output should be reduced 326. Otherwise
the flag 1s set to indicate that video bufler size should be
increased 328.

FIG. 5 provides a flow chart of a method of video source
scaling 400 within the Bufler Management and Transport
module. This flow chart represents only one aspect of the
overall Tunctionality of the Bufler Management and Trans-
port module. First, the Bufler Management and Transport
module receives status signal information 402 from an
external source. As previously shown, these sources may be
RF modules or remote wireless transport controllers. It the
status 1s from an RF-Module 404 then various indicators are
checked. There are other possible indicators only a few
indicators are shown 1n this flow chart for readabaility. Status
messages or indicators are feedback that can be related to the
current (or active) video stream, client state, network state,
remote server/network state and/or wireless status. Current
video stream state messages include statistics related to, for
example, the current transmission, including received bit
rate, sent bit rate, lost packet rate, packet interval times, last
sent time, clock status, bytes sent and received, buller sizes,
latency statistics, current length of buflered data, and the
current glass to glass delay. Client state messages notily the
Bufler Management and Transport controller of configura-
tion changes in the central control. Network state informa-
tion includes applying weighting to networks which may
allow preferential treatment, for example, some networks
may be preferred due to cost and/or business agreements.
Remote server/network information includes statistics about
the end-point, whether the remote IFR 1s 1n use, bandwidth
limited, available resources, such as disk space and process-
ing power, and other end point information. Wireless status
includes information related to the general health of the
connected wireless networks such as reliability, throughput,
historical behavior, and configuration.

As an example, the coverage signal RSSI 1s checked 406
to see 11 the range has changed considerably. This check can
be based on a previously saved value from this RF-Module,
it can include a high and low water threshold change value,
or that minor changes are 1gnored. If the coverage indicator
has changed significantly for better or worse the coverage
parameters are checked 408 and a flag 1s set to indicate
whether the change 1s significant enough to require amend-
ing some transmission parameters. The flag might indicate
the level has dropped considerably or has increased consid-
erably, or separate indicators may be used.

If the signal from the RF-Module 1s not coverage related
then a range of other possible base station 1ssues are checked
410. This could include base station congestion factors,
transmit failure attempts, dead zone indicators, and base
station handofl protocols in et

ect or other such wireless
network anomalies. Once these are checked and analyzed
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the applicable flag 1s set 412 based on the status message and
threshold levels. The flag could indicate conditions have
improved or degraded.

If the status message 1s not from an RF-Module 404 then
the status message may be from the Information Frame
Re-assembly module. This status, message could indicate a
change in the receive frequency in video packets, either
better or worse reception or 1t could indicate congestion
issues have changed for better or worse, or 1t could indicate
many other conditions have changed in packet reception, for
example, lost packets, packet delivery rate, current network
latency/delay, received bit rate (bps) synchronized with sent
bit rate, etc.

Based on the status message and various threshold con-
ditions the theoretical bandwidth of the RF connection 1s
recalculated. If the aggregate calculated bandwidth for all
connected RF connections has changed, the applicable flag
1s set to mdicate an improvement or degradation of video
buffer transiers 416.

Once this review of the status message 1s complete and the
appropriate indicators have been set, a final review of the
system changes 1s made 418. Within the final check all flags
are reviewed against a preconfigured high or low water
threshold mark to determine whether a suflicient change in
the transmission by the system has been detected. Although
a low-water and high-water threshold mark technique 1is
discussed here many other methods could be used to deter-
mine whether the detected changes 1n video butler transters
are significant enough to alter the video bufler output Based
on this determination a signal to increase or decrease the

video bufler output 1s sent 420 to the Video Source and
Encoding module and 1t connects through (A) 422 to FIGS.
4A and 4B.

As noted above, a closely related problem 1s the recording
and transmission of live video from a mobile device with

limited resources. For example, 1n order to provide suih

icient
video performance, a mobile device may have a fixed
encoding rate (based on H.264, for example). In such a case,
once the encoding session 1s started, the application cannot
change the session parameters (encoding rate, frame rate,
etc.) until the session 1s stopped and restarted. Without the
ability to control the encoding rate dynamically, a video
stream generates a significant volume of data at a relatively
ol constant bandwidth. The available bandwidth for trans-
mitting data on a wireless network 1s unpredictable and
variable. Thus, unless the controlling software explicitly
accommodates variations in bandwidth (both bit rate and
latency), data builers may be dropped by a receiver, result-
ing in scrambled output, or possibly a lost video signal or
black screen.

To address the problem of variations 1n network band-
width, the mventors have developed a new system and
method that integrates techniques for taking such network
bandwidth variations into account, thus enabling improve
audio or video data transmissions using wireless mobile
devices. At a high level, an encoder 1n accordance with the
present invention consists of a capture source, a variable rate
encoder, and a core system for addressing variations 1in
network bandwidth as described herein. This 1s 1llustrated in
FIG. 6, which shows a block diagram of an exemplary
variable rate encoder in accordance with an embodiment.

In an 1implementation of the present invention, the system
may consist of three blocks and a feedback loop to adjust the
encoding rate, as shown in FIG. 6. The capture source 602
records the audio/video data and makes 1t available, as a
stream of raw data at for example 30 frames/second. An
encoder 604 encodes the stream and converts 1t to a com-
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pressed (lossy) format for easier transport over the wireless
networks, and a transmission module 606 handles the actual
delivery to the server end point. The system 1s operable,
based on feedback from the transmission module 606, to
alter the encoding rate and increase or decrease the quality
of the output (and increase or decrease the volume of
encoded data) 1n response to current network conditions,
virtually 1n real time.

Now referring to FIG. 7, shown 1s a block diagram of a
more detailed view of a modified variable rate encoder
module 700 with an encoding chain. In accordance with an
embodiment of the present invention, encoder module 700
may be used to write a plurality of fragmented video files,
fragmented 1nto fractions of a second while a recording 1s
active. For example, encoder module 700 may fragment the
video files five times per second. In this 1llustrative example,
encoder module 700 includes a fixed rate hardware encoder
702 which outputs encoded samples 704. These samples 704
may be temporarily stored 1n a file store 706 before being
provided as an mput to a parser/reader 708.

Each time the encoded samples are parsed and indexed in
parser/reader 708, there are approximately six encoded
frames 710 (there could be a little variation depending on
timing of the request) available for transmission. The parser/
reader 708 then takes the encoded frames 710 and places
them 1nto a circular queue 712 to be delivered to the core
system module 606. In one implementation, by parsing the
H.264 samples in this manner, this eflectively allows the
encoder module 700 to retrieve recorded frames with maxi-
mum of a s1x framed introduced delay. Another embodiment
allows the parser/reader 708 to take the encoded frames
directly from the encoder, minimizing any induced encoding
latency.

To enable a variable encoding rate, the inventors have
introduced a second encoding chain in a further modified
variable rate encoder 800, as illustrated 1n FIG. 8.

As shown 1n FIG. 8, variable rate encoder 800 includes
dual encoding chains, including a first encoding chain 810,
and a second encoding chain 820. In accordance with an
embodiment, encoder 800 1nitiates encoder chin 810 and
begins recording a scene using a hardware encoder. Systems
recording raw audio/video data and using software to encode
the stream instead of a hardware encoder incurs higher costs
in terms of CPU and power requirements.

At the desired fragmentation rate, a parser/reader (similar
to the parser/reader 708 if FI1G. 7) 1n the first encoding chain
810 takes video frames from the most recent recorded
fragment and places them in bufler for transier to the core
system module 6-6. Each sample may be time-stamped with
its recording time. In another embodiment, raw writes to
disk may be intercepted, or video may be delivered from the
encoder one frame at a time, all 1n software/memory.

In an embodiment, a switch block 830 1s adapted to
retrieve the frames from the first encoder 810 and pass them
to the transmission module 606. When the module 800
detects a change 1n the availability of wireless bandwidth, a
selector block 840 1s notified. The selector block 840 starts
a second encoding chain, namely encoding chain 820, and
initializes it with a requested bit rate. The time stamp of the
first sample passed to both the first encoding chain 810 and
the second encoding chain 820 (as shown at 1) 1s recorded.
This first sample 1s the transition sample.

Once the second encoding chain 820 1s mitiated and
operating, switch block 830 requests samples from both
encoding chains 810 and 820. As long as the time stamp of
the current encoded sample (as shown at 2) 1s prior to the
time- stamp of the transition sample (recorded at 1). As
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shown 1n FIG. 9, the transition sample 1s the first frame that
appears in the encoded stream that 1s encoded in both
encoders.

Switch 830 continues to deliver frames from the first
encoding chain 810 to the transmission module 606. Once
the time-stamps are equal to or later than the time-stamp of
the transition sample, switch 830 starts delivering frames
from the second encoding chain 820. This dual encoding
chain configuration allows a seamless transition between
recorders 1 both encoding chains 810, 820 with no lost
samples. In an embodiment, once the transition i1s com-
pleted, switch 830 shuts down the first encoding chain 810.
As there 1s no guarantee that the encoder will be able to
return to the previous rate, shutting down the first encoding
chain at this point allows the switch control to prepare for
the next encoding change request. When a stream 1s first
starting, the approximate stable bandwidth for the connec-
tion 1s unknown. As a result, the first encoding rate that 1s
used can be very low, and successive stair-step increases in
the encoding rate can be used until failure 1s seen 1n the
channel feedback. Alternatively, successive stair-step
decreases can be performed until there 1s no longer any
failure seen 1n the channel feedback.

In another embodiment, while the two encoders (high and
low) could continue to run simultaneously, switching back
and forth between the two would result 1n an abrupt i bat
rate showing as obvious changes in the level of detail.
Use Cases

It should be understood that the present system and
method has numerous applications. For example, the present
system and method may be implemented in a smart phone,
such as the 1Phone or other devices that use a fixed hardware
encoding rate, and/or that apply a recording delay, to provide
improved video recording and wireless transfer.

As another 1llustrative application, the present system and
method provides live switching between a high quality video
streaming mode and a lower quality video streaming mode
without stopping the video stream. For example, a device
could use a lower bit rate using the lower quality video
stream to record and transmit low resolution, low band-
width, and lower quality stream to a server with one or more
connected video sources (e.g. other devices), all sending
streaming video (e.g. security camera, multiple news report-
ers, etc). A controller/operator at the server could preview
the multiple video streams and, on request, switch one or
more of the streams to the high quality video stream without
interruption.

The technology of the present invention may enable the
changing of the encoding rate, however, the disclosed tech-
nique may also be used to change dynamically other param-
eters such as frame rate, resolution, or aspect ratio.

Another illustrative application 1s on demand error recov-
ery, where video encoders use a system of whole frames
followed by a number of smaller predictive frames where
only a portion of the frame 1s encoded based on the previous
frames (and 1n some cases forward looking as well). When
an error occurs due to lost or corrupted data, the output 1s
aflected until the next full frame arrives. Since partial frames
are dependent on previous frames, errors may propagate
until the next full frame. This 1s illustrated by way of
example 1 FI1G. 10. Depending on the settings, this could be
a long interval. With the present system and method of
encoding multiple streams, a full frame could be forced
within a short fragmentation 1nterval (e.g. 6 samples/Irames
in the example above) from when an error 1s first detected
instead of waiting for the next full frame. For example,
imagine a dedicated 2 Mbps link with periodic packet loss.
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The first encoder 1s setup at a 2 Mbps bit rate and an
“infinite” (or just very large) GOP. If the receiver reports a
lost frame, the second encoder 1s be started with the same
parameters, and switched to on the transition frame. This
corrects any cumulative artifacts as a result of encoding
eITor.

In the preceding description, for purposes of explanation,
numerous details are set forth 1n order to provide a thorough
understanding of the embodiments. However, 1t will be
apparent to one skilled in the art that these specific details
may not be required 1n cell embodiments. In other instances,
well-known electrical structures and circuits are shown in
block diagram form in order not to obscure aspects of the
embodiments. For example, specific details are not provided
as to whether the embodiments described herein are imple-
mented as a software routine, hardware circuit, firmware, or
a combination thereof.

Embodiments of the disclosure can be represented as a
computer program product stored in a machine-readable
medium (also referred to as a computer-readable medium, a
processor-readable medium, or a computer usable medium
having a computer-readable program code embodied
therein). The machine-readable medium can be any suitable,
tangible, non-transitory medium, including magnetic, opti-
cal, or electrical storage medium including a diskette, com-
pact disk read only memory (CD-ROM), memory device
(volatile or non-volatile), or similar storage mechanism. The
machine-readable medium can contain various sets of
instructions, code sequences, configuration imformation, or
other data, which, when executed, cause a processor to
perform steps in a method according to an embodiment of
the disclosure. Those of ordinary skill 1n the art will appre-
ciate that other instructions and operations necessary to
implement the described implementations can also be stored
on the machine-readable medium. The instructions stored on
the machine-readable medium can be executed by a proces-
sor or other suitable processing device, and can interface
with circuitry to perform the described tasks.

In an aspect, there 1s disclosed a method of transmission
of data signals from a mobile device to a network compris-
ing: encoding video data at a first encoding rate mto a
plurality of video frames using a first encoding module;
encoding video data at a second encoding rate into a
plurality of video frames using a second encoding module;
detecting a change in the availability of wireless bandwidth
in the network; and switching a selector to retrieve frames
from either the first encoding module or the second encoding
module for transmission 1n dependence upon the available
wireless bandwidth.

In an embodiment, the method further comprises: succes-
sively 1ncreasing or decreasing, 1n response to a change 1n
the available wireless bandwidth of the network, the encod-
ing rate ol whichever one of the first encoding module and
the second encoding module 1s currently not selected; and
switching the selector to retrieve frames from either the first
encoding module or the second encoding module for trans-
mission 1 dependence upon the available wireless band-
width of the network.

In another embodiment, successively increasing or
decreasing the encoding rate comprises applying successive
stair-step increases or decreases in the encoding rate until
tailure 1s seen or no longer observed in a channel feedback
from the network.

In another embodiment, the method further comprises:
upon switching the selector to retrieve frames from either
the first encoding module or the second encoding module for
transmission in dependence upon the available wireless
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bandwidth, shutting down the other of the first encoding
module or the second encoding module to prepare for the
next encoding rate change request.

In another embodiment, the method further comprises:
transmitting the frames retrieved from either the first encod-
ing module or the second encoding module utilizing a
transmission module wirelessly connected to the network.

In another embodiment, the method further comprises:
detecting the change in the availability of wireless band-
width 1n the network via the transmission module.

In another embodiment, the first and second encoding
modules comprise a dual encoding chain, and the switch
continues to retrieve frames from one of the first and second
encoding modules until time-stamps are equal to or later
than a time-stamp for a transition sample, whereby the dual
encoding chain configuration allows a seamless transition
between the first and second encoding modules without
dropping a frame.

In another aspect, there 1s disclosed a system for trans-
mission of data signals from a mobile device to a network
comprising: a {irst encoding module for encoding video data
at a first encoding rate mto a plurality of video frames; a
second encoding module for encoding video data at a second
encoding rate mnto a plurality of video frames; means for
detecting a change 1n the availability of wireless bandwidth
in the network; and means for switching a selector to retrieve
frames from either the first encoding module or the second

encoding module for transmission in dependence upon the
available wireless bandwidth.

In an embodiment, the system further comprises means
for successively increasing or decreasing the encoding rate
of whichever one of the first encoding module and the
second encoding module 1s currently not selected 1n
response to a change 1n the available wireless bandwidth of
the network; and means for switching the selector to retrieve
frames from the either the first encoding module or the
second encoding module for transmission i dependence
upon the available wireless bandwidth of the network.

In another embodiment, the system further comprises
means for successively increasing or decreasing the encod-
ing rate by applying successive stair-step increases or
decreases 1n the encoding rate until failure 1s seen or no
longer observed 1n a channel feedback from the network.

In another embodiment, the system further comprises
means for shutting down the first encoding module or the
second encoding module to prepare for the next encoding
rate change request upon switching the selector to retrieve
frames from the other of the first encoding module or the
second encoding module for transmission 1 dependence
upon the available wireless bandwidth.

In another embodiment, the system further comprises a
transmitter module for transmitting the frames retrieved
from either the first encoding module or the second encoding
module utilizing a transmission module wirelessly con-
nected to the network.

In another embodiment, the transmission module 1s
adapted to detect the change in the availability of wireless
bandwidth 1n the network.

In an embodiment, the first and second encoding modules
comprise a dual encoding chain, and the switch, 1s adapted
to continue to retrieve frames from one of the first and
second encoding modules until time-stamps are equal to or
later than a time-stamp for a transition sample, whereby the
dual encoding chain configuration i1s adapted to allow a
seamless transition between the first and second encoding
modules without dropping a frame.
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In another aspect, there 1s provided a computer readable
medium storing computer code that when executed on a

mobile device adapts the device to perform a method of

transmission of data signals from the mobile device to a
network, the computer readable medium comprising: code
for encoding video data at a first encoding rate nto a
plurality of video frames using a first encoding module; code
for encoding video data at a second encoding rate into a
plurality of video frames using a second encoding module;
code for detecting a change in the availability of wireless
bandwidth 1n the network; and code for switching a selector
to retrieve frames from either the first encoding module or
the second encoding module for transmission 1n dependence
upon the available wireless bandwidth.

In an embodiment, the computer readable medium further
comprises: code for successively increasing or decreasing,
1in response to a change 1n the available wireless bandwidth
of the network, the encoding rate of whichever one of the
first encoding module and the second encoding module, 1s
currently not selected; and code for switching the selector to
retrieve frames from the either the first encoding module or
the second encoding module for transmission 1n dependence
upon the available wireless bandwidth of the network.

In another embodiment, the computer readable medium
turther comprises: code for successively increasing or
decreasing the encoding rate by applying successive stair-
step 1ncreases or decreases 1n the encoding rate until failure
1s seen or no longer observed in a channel feedback from the
network.

In another embodiment, the computer readable medium
turther comprises: code for shutting down the other of the
first encoding module or the second encoding module to
prepare for the next encoding rate change request upon
switching the selector to retrieve frames from either the first
encoding module or the second encoding module for trans-
mission 1n dependence upon the available wireless band-
width.

In another embodiment, the computer readable medium
turther comprises: code for transmitting the frames retrieved
from either the first encoding module or the second encoding
module utilizing a transmission module wirelessly con-
nected to the network.

In another embodiment, the computer readable medium
turther comprses: code for detecting the change 1n the
availability of wireless bandwidth 1in the network via the
transmission module.

The above-described embodiments are mtended to be
examples only. The operation of the mnvention the mvention
1s described referencing particular functional components or
modules, however 1t should be understood that the practice
of the invention 1s not limited to an implementation based on
particular functional components or a particular modular
structure. Functions of the operation of the mnvention may be
implemented with modules described as being integrated
with other functional components, or modules described
being implemented by a greater number of modules than as
illustrated. Various functions may be implemented using
hardware components, software components and/or middle-
ware components as may be suitable i a given implemen-
tation based on performance and cost constraints. Also,
various components as described above can be implemented
by any functional component that may 1incorporate manage-
ment or control functions.

Thus, alterations, modifications and wvariations can be
ellected to the particular embodiments by those of skill 1in
the art without departing from the scope of this disclosure,
which 1s defined solely by the claims appended hereto.
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What 1s claimed 1s:
1. A method of transmission of data signals from a mobile
device to a network comprising:

encoding video data at a first encoding rate into a plurality
of video frames using a first encoder;

concurrently with the encoding using the first encoder,
encoding the video data at a second encoding rate into
a plurality of video frames using a second encoder;

retrieving frames encoded by the first encoder;

delivering the retrieved frames encoded by the first
encoder for transmission over a network interface;

detecting an availability of wireless bandwidth in the
network;

switching to retrieve frames encoded by the second

encoder 1n response to the availability of wireless
bandwidth 1n the network:; and

delivering the retrieved frames encoded by the second

encoder over the same network interface.

2. The method of claim 1, further comprising:

alternating, at successively increasing or decreasing

encoding rates 1n a stair-step manner until a failure 1s
detected in a channel feedback from the network,
between retrieving of frames encoded by the first
encoder and retrieving frames encoded by the second
encoder wherein the alternating includes:

upon switching to retrieve frames encoded by the second

encoder:
detecting for the failure in the channel feedback from
the network, wherein when no failure 1s detected:
shutting down the encoding by the first encoder;
re-mitiating encoding of the video data by the first
encoder, at an increased or decreased encoding
rate compared to the current encoding rate of the
second encoder, into a plurality of video frames;
and
switching to retrieve frames encoded by the first
encoder.
3. The method of claim 1, further comprising transmitting,
the delivered frames encoded by either the first encoder or
the second encoder utilizing a transmitter wirelessly con-
nected to the network.
4. The method of claim 1, wherein the availability of
wireless bandwidth in the network 1s detected via a trans-
mitter.
5. The method of claim 1, wherein the switching to
retrieve Irames encoded by the second encoder comprises:
applying timestamps to the video data, whereby the
timestamps are applied to the plurality of video frames
encoded by the first encoder and to the plurality of
video frames encoded by the second encoder;

retrieving frames encoded by the first and second encod-
ers;

comparing the timestamps of the frames retrieved from

the first encoder and the timestamps of the frames
retrieved from the second encoder to establish a tran-
sition frame;

delivering the frames retrieved from the first encoder until

the transition frame 1s reached; and

delivering the frames retrieved from the second encoder

starting at the transition frame, such that there 1s a
seamless transition between the delivery of the frames
encoded by the first encoder and the delivery of the
frames encoded by the second encoder without drop-
ping a frame.

6. A system for transmission of data signals from a mobile
device to a network comprising:
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a first encoder for encoding video data at a first encoding,

rate into a plurality of video frames;

a second encoder for encoding, concurrently with the first

encoder, the video data at a second encoding rate into

a plurality of video frames;

a controller configured to:

retrieve frames encoded by the first encoder;

deliver the retrieved frames encoded by the {irst
encoder for transmission over a network interface;

detect an availability of wireless bandwidth 1n the
network;

switch a selector to retrieve frames encoded by the
second encoder in response to the availability of
wireless bandwidth in the network; and

deliver the retrieved frames encoded by the second
encoder for transmission over the same network
intertace.

7. The system of claim 6, wherein the first encoder and the
second encoder are configured encoding at a plurality of
encoding rates; and

the controller 1s configured to:

detect for a failure in a channel feedback from the
network:
alternate the selector to retrieve frames, at successively
increasing or decreasing encoding rates in a stair-
step manner until the failure 1s detected, between the
frames encoded by the first encoder and the frames
encoded by the second encoder for transmission in
response to the availability of wireless bandwidth 1n
the network, wherein the alternating comprises:
upon switching the selector to retrieve Iframes
encoded by the second encoder and when no
failure 1s detected:

shutting down the encoding by the first encoder;

re-imtiating encoding of the video data by the first
encoder, at an 1increased or decreased encoding
rate compared to the current encoding rate of
the second encoder, into a plurality of video
frames; and

switching the selector to retrieve frames encoded
by the first encoder.

8. The system of claim 6, further comprising a transmitter
for transmitting the frames encoded by either the first
encoder or the second encoder, the transmitter wirelessly
connected to the network.

9. The system of claim 8, wherein the transmitter 1s
adapted to detect the availability of wireless bandwidth 1n
the network.

10. The system of claim 6, wherein the controller is
configured to:

apply timestamps to the video data, whereby the time-

stamps are applied to the plurality of video frames

encoded by the first encoder and to the plurality of

video frames encoded by the second encoder; and

switch the selector to:

retrieve frames encoded by

the first and second encoders;

compare the timestamps of the retrieved frames
encoded by the first encoder and the retrieved frames
encoded by the second encoder to establish a tran-
sition frame;

deliver the frames retrieved from the first encoder until
the transition frame i1s reached; and

deliver the frames retrieved from the second encoder
starting at the transition frame, such that there a
seamless transition between 1s a seamless transition
between the delivery of the frames encoded by the
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first encoder and the delivery of the frames encoded
by the second encoder without dropping a frame.
11. A computer readable medium storing computer code
that when executed on a mobile device configures the device
to perform a method of transmission of data signals from the
mobile device to a network, the computer readable medium
comprising;
code for encoding video data at a first encoding rate into
a plurality of video frames using a first encoder;
code for concurrently with the encoding using the first
encoder, encoding the video data at a second encoding
rate into a plurality of video frames using a second

encoder;
code for retrieving frames encoded by the first encoder;

code for delivering the retrieved frames encoded by the
first encoder for transmission over a network interface;

code for detecting an availability of wireless bandwidth 1n
the network;

code for switching to retrieve frames encoder the second

encoder 1n response to the availability of wireless
bandwidth 1n the network: and

code for delivering the retrieved frames encoded by the

second encoder over the same network interface.

12. The computer readable medium of claim 11, further
comprising:

code for detecting a failure 1n a channel feedback from the

network;

code for alternating, at successively increasing or decreas-

ing encoding rates in a stair-step manner until the
failure 1s detected in the channel feedback from the
network, between retrieving of frames encoded by the
first encoder and retrieving Iframes encoded by the
second encoder, wherein the alternating includes:
upon switching to retrieve frames encoded by the
second encoder and when no failure 1s detected:
shutting down the encoding by the first encoder;
re-mitiating encoding of the video data by the first
encoder, at an increased or decreased encoding
rate compared to the current encoding rate of the
second encoder, 1nto a plurality of video frames;
and
switching to retrieve frames encoded by the first
encoder.
13. The computer readable medium of claim 11, further
comprising code for transmitting the delivered frames
encoded utilizing a transmitter wirelessly connected to the
network.
14. The computer readable medium of claim 11, further
comprising code for detecting the availability of wireless
bandwidth 1n the network via a transmitter.
15. A method of transmission of data signals from a
mobile device to a network comprising:
applying a {irst transmission session parameter value so as
to define a first set of video frames using a first encoder;

applying a second transmission parameter value so as to
define a concurrent second set of video frames using a
second encoder;

detecting an availability of wireless bandwidth 1n the

network; and

switching a selector to selectively retrieve frames encoded

by either the first encoder or the second encoder for
transmission 1n response to the available wireless band-
width.

16. The method of claim 15, wherein the transmission
parameter value consists of frame rate, resolution and/or
aspect ratio.




US 9,585,062 B2

21

17. The method of claim 2, further comprising:
upon switching to retrieve frames encoded by the first
encoder:
detecting for the failure in the channel feedback from
the network, wherein when no failure 1s detected:
shutting down the encoding by the second encoder;
re-initiating encoding of the video data by the second
encoder, at an increased or decreased encoding
rate compared to the current encoding rate of the
first encoder, mto a plurality of video frames; and
switching to retrieve frames encoded by the second
encoder.

18. The method of claim 2, wherein prior to the start of
encoding, an approximate stable bandwidth for the connec-
tion 1s unknown; and the method further comprises:

determining the approximate stable bandwidth for the

connection based at least on when the failure arising
from the alternation of the encoding rates in the stair-
step manner 1s detected.

19. The system of claim 6, wherein the first encoder and
the second encoder are configured encoding at a plurality of
encoding rates; and

the controller 1s configured to:

detect for a failure 1n a channel feedback from the
network:
alternate the selector to retrieve frames, at successively
decreasing encoding rates 1n a stair-step manner until
no failure 1s detected, between the frames encoded
by the first encoder and the frames encoded by the
second encoder for transmission 1n response to the
availability of wireless bandwidth in the network,
wherein the alternating comprises:
upon switching the selector to retrieve Iframes
encoded by the second encoder and when the
failure 1s detected:
shutting down the encoding by the first encoder;
re-imtiating encoding of the video data by the first
encoder, at a decreased encoding rate compared
to the current encoding rate of the second
encoder, into a plurality of video frames; and
switching the selector to retrieve frames encoded
by the first encoder; and
upon switching to retrieve frames encoded by the
first encoder and when the failure 1s detected:
shutting down the encoding by the second
encoder;
re-imtiating encoding of the video data by the
second encoder, at a decreased encoding rate
compared to the current encoding rate of the
first encoder, into a plurality of video frames;
and
switching to retrieve frames encoded by the sec-
ond encoder.

20. The system of claim 6, wherein the first encoder and
the second encoder are configured encoding at a plurality of
encoding rates; and

the controller 1s configured to:

detect for a failure 1n a channel feedback from the
network:

alternate the selector to retrieve frames, at successively
increasing or decreasing encoding rates in a stair-
step manner until the failure 1s detected or no failure
1s detected, between the frames encoded by the first
encoder and the frames encoded by the second
encoder for transmission 1n response to the avail-
ability of wireless bandwidth in the network,
wherein the alternating comprises:
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upon switching the selector to retrieve frames
encoded by the second encoder,
when no failure 1s detected:
shutting down the encoding by the first encoder;
re-imtiating encoding of the video data by the first
encoder, at an increased encoding rate com-
pared to the current encoding rate of the second
encoder, mto a plurality of video frames; and
switching the selector to retrieve frames encoded
by the first encoder; and
when the failure 1s detected:
shutting down the encoding by the first encoder;
re-imtiating encoding of the video data by the first
encoder, at a decreased encoding rate compared
to the current encoding rate of the second
encoder, mnto a plurality of video frames; and
switching the selector to retrieve frames encoded
by the first encoder; and
upon switching to retrieve frames encoded by the
first encoder,
when no failure 1s detected:
shutting down the encoding by the second
encoder;
re-imtiating encoding of the video data by the
second encoder, at an increased encoding rate
compared to the current encoding rate of the
first encoder, into a plurality of video frames;
and
switching to retrieve frames encoded by the sec-
ond encoder; and
when the failure 1s detected:
shutting down the encoding by the second
encoder;
re-imtiating encoding of the video data by the
second encoder, at a decreased encoding rate
compared to the current encoding rate of the
first encoder, into a plurality of video frames;
and
switching to retrieve frames encoded by the sec-
ond encoder.
21. The computer readable medium of claim 11, further
comprising:
code for detecting a failure 1s detected in a channel
feedback from the network
code for alternating, at successively decreasing encoding
rates 1n a stair-step manner until no failure 1s detected,
between retrieving of frames encoded by the first
encoder and retrieving {frames encoded by the second
encoder, wherein the alternating includes:
upon switching to retrieve frames encoded by the
second encoder and when the failure 1s detected:
shutting down the encoding by the first encoder;
re-mitiating encoding of the video data by the first
encoder, at an decreased encoding rate compared
to the current encoding rate of the second encoder,
into a plurality of video frames; and
switching to retrieve frames encoded by the first
encoder; and
upon switching to retrieve frames encoded by the first
encoder and when the failure 1s detected:
shutting down the encoding by the second encoder;
re-mitiating encoding of the video data by the second
encoder, at an decreased encoding rate compared
to the current encoding rate of the first encoder,
into a plurality of video frames; and
switching to retrieve frames encoded by the second
encoder.
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22. The computer readable medium of claim 11, further
comprising;
code for detecting a failure in a channel feedback from the
network; and
code for alternating, at successively increasing or decreas-
ing encoding rates 1n a stair-step manner until a failure
1s detected or no failure i1s detected in the channel
feedback from the network, between retrieving of
frames encoded by the first encoder and retrieving
frames encoded by the second encoder, wherein the

alternating includes:
upon switching to retrieve frames encoded by the

second encoder:
when no failure 1s detected:
shutting down the encoding by the first encoder;
re-imtiating encoding of the video data by the first
encoder, at an increased encoding rate com-
pared to the current encoding rate of the second
encoder, mto a plurality of video frames; and
switching to retrieve frames encoded by the first
encoder; and
when the failure 1s detected:
shutting down the encoding by the first encoder;
re-imtiating encoding of the video data by the first
encoder, at an decreased encoding rate com-
pared to the current encoding rate of the second
encoder, into a plurality of video frames; and
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switching to retrieve frames encoded by the first
encoder; and

upon switching to retrieve frames encoded by the first

encoder:
when no failure 1s detected:
shutting down the encoding by the second
encoder;
re-imtiating encoding of the video data by the
second encoder, at an increased encoding rate
compared to the current encoding rate of the
first encoder, into a plurality of video frames;
and
switching to retrieve frames encoded by the sec-
ond encoder; and
when the failure 1s detected:
shutting down the encoding by the second
encoder;
re-imtiating encoding of the video data by the
second encoder, at an decreased encoding rate
compared to the current encoding rate of the

first encoder, into a plurality of video frames;
and

switching to retrieve frames encoded by the sec-
ond encoder.
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